NdfiGE:  ^ftien  governineat  or  other  drawiags,  speei® 
flcatloas  or  other  data  are  used  for  aay  puipose 
other  thaa  la  Goaaeetioa  with  a  deflaltely  related 
goveraineat  proGureaeat  operatioa>  the  li.  S. 
(Jovernmeat  thereby  laeurs  ao  respoaBlhility,  aor  aay 
ohligatloa  t^tsoever;  aad  the  fact  that  “^e  Govera* 
meat  may  have  fottfflilated^  furaished,  or  ia  aay  way 
supplied  the  said  drawiags,  speeificatioas,  or  other 
data  is  hot  to  he  regarded  hy  implicatioa  or  others 
wise  as  la  manner  liceasiag  the  holder  or  say 
other  persoa  or  corporation,  or  coaveyiag  say  ri^ts 
or  pezmLssloa  to  manufacture,  use  or  sell  any 
patented  inventioa  that  say  la  aay  way  he  related 
thereto. 
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Report  No*  89^6 -091 

Material  -  Adhesives  -  High  femperature  CeramiG 
Literature  Survey  and  Tensile  Strengths 


AhstraGt 

A  literature  Survey  pertinent  to  high  temperature  eeramiG  adhesives  was 
GonduGtedi  Seven  literature  referen'Ges  are  given  in  the  hody  of  the 
report i  Appendix  I  of  the  report  gives  101  referenGes  taken  from  the 
teGhniGal  literature  and  Appendix  ii  Gites  9  references  taken  from  WADC 
fR  38-I8L,  August  195©*  fensile  tests  were  made  with  Univdrsity  of 
Illinois  U-IO67  Gofflposition  with  indifferent  results. 


ReferenGe ;  pratt>  p.  Si>  Shoffner>  J.  E.,  Keller>  S., 
"High  femperature  Ceramie  Adhesives/'  General 
Dynamies/Gonvair  Report  MP  |8!»475#  San  i)iego, 
California,  2  March  1959 •  (ReferenGe  attaGhed) , 
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DITRQDUGTIQM; 


I  New  hi^  speed  ed^rGMii^  aod  missiles  now  on  the  dravlBg  hoeifdiS  will  have  hi{^  surf..c' 

!  tei^eratinres  ^en  in  service.  %e  surfaces  rndst  be  smooth  in  order  to  keep  this 
temperature  as  low  as  possible <  Adhesives  offer  a  method  of  achieving  this  by 
j  keeping  irregularities  to  a  iM.nimua.  ^ganic  adhesives  have  a  traperature  liMta<‘ 

'!  tion  of  approidJiately  600  *F,  but  since  skin  temperatures  are  ejpected  to  rise  above 

I  600  they  cannot  be  considered  for  long  time  operatioai 

I  Ceramic  materials  j  well  iaowa  for  their  ability  to  withstand  high  temperature^  offi. 
a  possible  Source  of  high  tenperature  adhesiveSi  various  types  of  ceramic  adhesive 
i.e.;  sodium  silicate^  sodium  aluminate>  magnesium  oxychlo^de>  aluMnum  phOf^hate, 
and  potassium  silicate ^have  been  in  Use  for  years^  These  materials  fail  under  cond.. 
tions  of  heat  and/or  humidity  and  are  not  suitable  for  conditions  found  in  hi# 
speed  aircraft.  (7)  Therefore,  other  ceramic  cooposltioni  mist  be  investigated  for 
a  possible  high  temperature  adhesive^ 

LITERATUKE-  survey  ; 

in  the  course  of  a  three  year  investigation  by  Spriggs  (2)  (?)>  over  100  diffewnt 
formulations  were  tried  as  a  high  temperature  adhesive  for  l^es  302  and  17*7  FH 
I  .‘cainless  steels,  ^eae  fonnulations  Included  ceramic*Oxide  #assy  bonded  coatingr,, 

I  cermets  With  sintered  metal  bOE#i,  air  setting  tempefature  resistant  silicates, 

,1  aluminates,  oxychlorides,  oxysulphides,  and  ceramic  oMde  resin  bonded  msterlalsi 
Those  specimens  re^risg  heat  for  curing  were  fired  for  twenty  minutes  under  a 
:j  50  pel  loading  at  temperatures  from  1000^  to  2000^.  Tensile  testing  was  done  at 

'  room  tenperature,  600^,  600*P,  and  lOOO’F  on  a  Tinlus  Olsen  testing  machine,  Spi . 

states  that  soiae  glassy  bonded  adhesives.  When  modified  with  powdered  metal  addlticir;:. 
develop  over  1000  psl  teaslle  strength  from  room  taiperature  to  1000 ”F.  These  valv<: 

I  were  obtained  using  a  stSlnleBS  steel  screen  carrier  in  the  joint  area. 

The  Boeing  Aljplane  Cospany  has  developed  a  metal  to  metal  ceramic  adhesive.  The 
Nagcmico  Company  is  licensed  for  sale  of  this  item,  but  at  last  report,  Peeember  10, 
1953,  was  not  ready  to  release  sanples  for  study,  tfr,  Roger  long  of  the  Naxmeo 
Research  Qroip,  San  Mego,  stated  '^t  he  believed  ^  u|^r  limit  of  the  adhesive 
woiiLd  be  about  800^;  however,  tte  values  at  that  tenperature  would  be  over  1000  pc'. 


Besides  the  Boeing  a#eaive,  the  Naxmeo  laboratories  ture  worMng  on  a  WiUPC  contract 
i  AF  33(^1^)*5776  and  Navy  BoAero  contract  NOas^^tO*  The  Vtic  work  la  a  folIow<-up 
'  on  the  UblverBity  of  Illinois  work,  while  Navy  cinitract  is  on  t^  development  ) 
of  an  exothemic  adhesive,  ' 

Ohe  Aexonca  Ccopany,  ^ddLetown,  Ohio,  is  also  working  on  further  developnent  of 
the  Utalverslty  of  Illinois  research.  TMs  work  is  being  done  under  WABC  contract 

AP  33(616) -5538,  ■ 

DISCUSSION  OF  LITERATUFffl  SURVBY;  ( 

.  ^ 

Throughout  the  university  of  Illinois  Investigation  it  is  stated  that  the  best  adi’  ; 

herence  will  be  achieved  #en  *^6  coefficients  of  epqpanslon  of  the  metal  and  the  ' 
cexmlc  adhesive  are  closely  matched.  However,  one  of  the  final  compositlohs 
J  developed,  UI  1667,  has  a  very  low  coefWcient,  86, 1:^0“  1  cVcm/*e,  This  adhesive  i 
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DlSCUSSICai  (at  LEllSASaE^  (CoatiBued) 

is  as  favorably  reported  as  SDotber  vMch  1mm  an  e^ansion  faotor  of  4^^lL0‘‘'^ 
em/em/'*Ci  Staioless  steel  alloy>  ty^  302  has  a  eoeffleirat  of  3l8xlO”7  em/cm/ 

This  laboratozy  is  nnahle  to  e^lain  why  this  foniulation  was  considefed  for  investi¬ 
gation  or  why  it  fiinetlons  as  it  does* 

^e  funetion  of  the  stainless  steel  Ganger  is  uneii^lained*  It  was  proven  to  be  an 
aid  in  achieving  h0nd|  but  Just  how  it  does  was  not  diseussed*  A  fiber^MSS  ceuHer 
in  organic  adhesives  localizes  shxlnkage,  maintains  a  predetexnined  joint  i^acing^ 
and  prevents  the  propagation  of  cracks*  Does  the  stai^ess  steel  caz^er  function 
in  the  same  aanneri  or  is  there  a  uMon  of  metals  at  the  car«ler-metal  interface 
that  gives  added  strength? 

Some  work  vas  done  the  addition  of  adherence  oxides  to  the  adhesives>  but  this  | 
line  of  investigation  vas  limited*  ito  formulations  were  tried  vith  cobalt  ozdde 
which  is  known  to  contribute  greatly  to  the  bonding  of  porcelain  enamel  to  metal*  (4) 

ilearly  aH  of  the  University  of  Illinois  work  was  done  on  metal  roughened  ^  sand 
blasting  or  other  mechanical  means*  Another  method  of  metal  preparation,  nickel 
plating,  was  investigated  to  a  smaller  extent. 
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Discussion 


averige  tensile  value  of  3$8  pli  is  lover  then  the  5^5  Pel  obtsined  tv  the 
UtDivereltsr  of  IHinoltj  boveverj,  ii»  00«U.ti0nB  vexe  not  the  iiin*  Dm  UDiveriity 
of  ilMiiolB  epplled  4  50  pal  loidlrig  duftag  the  curing  and  ooollag>  Bad  used  s  SB 
aesh  stainless  Steel  sexeen  as  an  adhesive  ca^er»  Our  initial  evaluation  seems 
to  indleate  that  the  vsltias  repoxted  by  Spnggs  (7)  can  be  obtainsd  if  all  oemdltlons 
are  duplicated*  fii^licatlon  will  xeqalra  the  davelcimsnt  of  a  fixtura  to  apply  the 
necessazy  loading  during  fixing  and  utlllilng  S^  gauge  staialaBS  steal  sorsamdag* 


BKOUfnmd^ons^Foit 


LiAi! 


A*  The  fizet  efforts  shotOkd  be  to  check  the  xepxoduclblll'^  of  the  Univaxsity 
of  tllinois  invsstiga^on.  m  addition  to  Checiiing  idth  stainless  steal 
alloys  302  end  17«7  PH>  superalloys  of  the  Bene  41  and  Hsstal  loya  B235  or 
25(1^5)  types  mould  be  used.  Ota  latter  alleys  are  omaa  baing  oonaidarid 
for  the  fabrication  of  nev  Mgh  parfoxamnce  aircraft  and  aissllas,  and  the 
adhesives  aust  be  stplleayia  to  them*  other  frit  cosipeaitiona  ahould  bs 
studied* 

B.  types  of  bond  achieved  vouid  be  studied  by  metaliognphlo,  xamy,  and 
electron  micxoscopic  msthods*  After  datazalning  the  asdbiniim  of 
a  study  should  be  mads  of  posslbla  ehanges  in  the  foxnulaa  to  laprove  the, 
adhesive  eharaetar  of  the  bond* 

C*  As  Investigation  Should  be  mads  into  verlous  metboda  of  mstal  prsparatlon* 
The  Introduction  of  another  atrata  Into  the  ^ratami  l*a*,  iital  platlng> 
may  bridge  the  dlffaxenoa  in  akpinalon  batvaan  the  satal  and  ite  adhaatve 
to  a  degree  vhare  It  vo^  ^aa  ei^tical*  This  etralsi  slio  night  provide 
a  better  bonding  avofeca  ^  the  OarnKle  adheilve* 

D*  After  developing  a  caxwaie  adbaaiva  that  mould  giva  tha  dastrad  raiulta 
in  one  type  of  taatlng,  i*a.,  tsnslla  ahoarlng/sB  inventignticn  tfmild 
be  msda  of  other  poaaibla  daslpi  pirumtara*  Phluaa  mould  be  obtaiaad 
from  twiat,  paal,  oospraiaioo  and  iapnot  typaa  of  tenting*  Znfbxnntion 
of  thia  t]^  mottld  be  of  vnlna  to  dsfl^  and  other  gvonH  that  nmdA  hiva 
the  mad  to  kaov  tha  iatrinnio  propartian  of  ri  si  mill  adhsnivm* 
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APBBNDiX^I 

A  Lio^ATiffiaB  smmt  m  gis^g  to  mbe^ 


Hie  effectlveMss  of  a  hlg^i  t«^ez«tuTO  ceraMe  adbeslve  depeM  on 
the  union  achieved  between  the  adhesive  and  l^e  metal.  FoUcwlng  iS  a 
bxlef  suanaxy  of  factoitv  affecting  ceramic  to  metal  adherence  and  the 
five  main  theories  as  to  why  bonding  occurs^  (1) 

Ai  factors  Affecting  Adherence 

1  B  coefficient  of^Bmaaslon  -  Ihe  coefficients  of  ej^ansion  of  the 

metal  and  ai^sive  should  be  as  close  together  as  j^ssiMei  If 
the  adhesive's  coefficient  is  greater,  it  will  tend  to  pop  off 
when  cooled  to  room  tenperature# 

2  «  goating  GcTOosition  -  fbe  composition  of  a  ceramie  controls  its 

melting  point,  it  would  be  vexy  desirable  to  have  the  melting 
t^perature  of  a  ceramic  adhesive  the  aame  as  a  teoperati^  used 
in  the  heat  treatment  or  aging  deration  of  the  metal  < 

3  ^  Surface  Wetting  »  Hie  ceramic  adhesive  must  wet  the  surfaces  of 

the  metals  If  wett^  does  not  occur,  the  adhesive  may  be  unable 
to  form  a  reaction  bond,  or  to  obt«dn  a  mecha^eal  grip  on  the 
metal* 

4  •  Reaction  Time  *  Hie  time  at  the  matuxlng  temperatuxe  is  impoitant. 

The  tlzDe  must  be  long  enough  to  co^^lete  all  the  desired  reaction* 
Sxcessive  time  might  produce  several  undesirable  results:  (l)  de¬ 
vitrification,  (2)  adhesive  flowing  from  ^e  joint,  (3)  excessive 
Interface  inaction,  or  others,  and  should  be  avoldi^. 

5  »  Adhesive  J^chness  -  ihe  cohesive  strength  of  the  ceramic  adhesive 

any  be  the  rindtihg  factor  of  the  Joint,  ^e  tiilcker  the  adhesive 
the  greater  the  ^pportuiid't^  for  the  production  of  Internal  faults 
that  could  lead  to  failure.  A  nrinlimsn  thiclgiess  must  be  maintained 
to  insure  the  presence  of  enough  adtosive  to  cooplete  tbe  bonding. 

6  ^  Egect^  of  Adherence  oxides  -  Certain  metallic  oKldes  are  Imawn  to 

inpxove  the  adhere  porcelaLn  enamel  lod  the  base  nmtsl. 

Fexhi^s  this  same  effect  will  be  found  in  ceriid,c  adhesives. 

7  Metal  IbowumtloB  -  Hiis  win  involve  not  pxdy  metal  elessing  to 
f^ye  soils  and  ooEldes,  but  could  inclu^  the  deposition  of  a 
thin  coating  of  an  adherence  proaotlng  ^de  or  coot^r  material. 
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Factors  Affectiag„ AdfaereBce  (Continued) 


Evolution  Of  Gases  «  smaii  quantities  of  gases  or  gas  producers,  i^e 
H,  E,  or  c  are  txt^^  in  most  metals  upon  solidifieatiom  These  are 
either  in  the  fnleeular  cos^sition  or  are  interg^anuliu^*  t^n  heat« 
ing>  these  gases  tend  to  hoil  to  the  surface  of  the  metal*  If  the 
ceramic  adhesive  fos^u  a  glassy  surface  hefore  most  of  these  gases 
have  escaped,  discontlnaities  in  the  foxn  of  miero  huhhles  will  occinf 
in  the  adhesive  and/or  at  Ihe  interface*  oases  may  also  originate 
in  the  medium  used  to  carry  the  ceraimtc  adhesive  frit* 

Qn^gen  In  porcelain  enameling  it  is  generally  a^^ed  that  a 
degree  of  metal  oxidation  occurs  during  the  firing,  and  this  metal 
Oxide  contrihutes  to  the  adherence*  The  metals  used  in  aircraft 
have  high  oxidation  resistance>  and  it  may  he  necessary  to  prompte 
oxidation  at  the  adhesive  line  in  order  to  achieve  satisf^to:^ 
adherence. 


0  •  Firing  Atmosphere  >  Most  investigators  heiieve  the  best  ceramic  to 
metal  adherence  is  obtained  in  an  oxidizing  atmosphere*  This  eondi-* 
tion  would  present  some  problems,  if  molybdenimi  were  the  metal  being 
bonded* 

iBieories  of  cersmi.eto^  Metal  Adherence 


Today,  five  theories  are  accepted  for  ceramic  to  metal  adherence: 

1*  Metallic  BendTite  Fnr^  ^  During  the  fusion  period,  the  metal 
and  eohstituirats  of  the  ceramic  ynlte  to  foriB  interloeking  exystais 
which  are  fin^  bonded  to  the  cerandc  and  to  the  metal* 


Ceramic 


Ceramio  epnatituant 
Metal  constituent 


tlon  «  This  theory  Btatea  that  the  ceriBdc  to  metal 
adherence  is  due  to  the  formation  of  thin  Ifisvr  of  metal  orldai  at 
the  interface. 
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Bi  T^BOrieaLOf  jCeramlc  to  MetBl^Adherence  (Continued) 


3*  Salwmie  Goapelon  -  ^ere  is  some  evidenee  that  an  electrolytic  re« 
action  occurs  at  the  cezamic-metal  interface «  action  seesiB  to 
produce  pitting  and  surface  irregularities  that  pextnit  the  ceramic 
to  "toenail"  itself  onto  the  metals  see  Figure  li 

4.  MechaMcal  Grtnning  iMs  is  the  same  type  of  honding  as  is  found 
in  the  galvaMc  corrosion  theory ^  It  is  here  assumed  the  surface 
iiregularitles  are  formed  by  pickling  or  sandblasting  prior  to  the 
application  of  the  ceramic^ 

5*  Chemical-Bonding  -  Stne  the  bonding  is  claimed  to  come  from  the 
mutual  aharlng  of  an  oxygen  bond  between  the  metal  and  the  ceramic* 
As  the  metal  tii.es  to  oacldlze  at  the  higher  tmoperaturesi  it 
successfully  borrows  or  shares  oxyian  with  the  adheri^e  oxldeB  in 
the  ceramic^  ^us  a  chemical  bood  is  formed  between  the  two* 
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